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POWER SUPPLY SYSTEM AND POWER
SUPPLY CONTROLLER

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2012-205829,
filed on Sep. 19, 2012; the entire contents of which are
incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a power
supply system and a power supply controller.

BACKGROUND

A power supply system having an energy conversion unit
converting energy, other than electricity, into electric power,
and a capacitor has conventionally been known. There is a
solar cell system having a solar cell and a capacitor, which
are connected in parallel, as one example of the power
supply system described above.

However, when the solar cell and the capacitor are con-
nected in parallel, electric power from the one having high
output voltage is fed to a load, regardless of a power
supplying capability. Specifically, in the background art, a
power supply source (solar cell, capacitor) to the load cannot
explicitly be selected (in other words, the power supply
source cannot appropriately be selected). Therefore, the load
connected to the power supply system is limited to the one
whose maximum consumption power is not more than the
maximum generated power of the solar cell.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating an example of a configu-
ration of a power supply system according to a first embodi-
ment;

FIG. 2 is a diagram illustrating an example of a configu-
ration of a first measuring unit according to the first embodi-
ment;

FIG. 3 is a diagram illustrating an example of a configu-
ration of a first measuring unit according to a modification;

FIG. 4 is a diagram illustrating an example of a configu-
ration of a first measuring unit according to a modification;

FIG. 5 is a diagram illustrating an example of a configu-
ration of a first measuring unit according to a modification;

FIG. 6 is a diagram illustrating an example of a configu-
ration of a first measuring unit according to a modification;

FIG. 7 is a diagram illustrating an example of a configu-
ration of a first measuring unit according to a modification;

FIG. 8 is a diagram illustrating an example of a configu-
ration of a first measuring unit according to a modification;

FIG. 9 is a diagram illustrating an example of a configu-
ration of a third measuring unit according to the first
embodiment;

FIG. 10 is a diagram illustrating an example of a con-
figuration of a third measuring unit according to a modifi-
cation;

FIG. 11 is a diagram illustrating an example of a con-
figuration of a control unit according to the first embodi-
ment;

FIG. 12 is a flowchart illustrating one example of a
changeover process according to the first embodiment;
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FIG. 13 is a flowchart illustrating one example of the
changeover process according to the first embodiment;

FIG. 14 is a diagram illustrating an example of a con-
figuration of a power supply system according to a second
embodiment;

FIG. 15 is a diagram illustrating an example of a con-
figuration of a control unit according to the second embodi-
ment;

FIG. 16 is a flowchart illustrating one example of a
changeover process according to the second embodiment;

FIG. 17 is a diagram illustrating an example of a con-
figuration of a power supply system according to a modifi-
cation;

FIG. 18 is a diagram illustrating an example of a con-
figuration of a power supply system according to a modifi-
cation;

FIG. 19 is a diagram illustrating an example of a con-
figuration of a power supply system according to a modifi-
cation;

FIG. 20 is a diagram illustrating an example of a con-
figuration of a power supply system according to a modifi-
cation;

FIG. 21 is a diagram illustrating an example of a con-
figuration of a power supply system according to a modifi-
cation;

FIG. 22 is a diagram illustrating an example of a con-
figuration of a power supply system according to a modifi-
cation;

FIG. 23 is a diagram illustrating an example of a con-
figuration of a power supply system according to a modifi-
cation;

FIG. 24 is a diagram illustrating an example of a con-
figuration of a power supply system according to a modifi-
cation of the first embodiment; and

FIG. 25 is a diagram illustrating an example of a con-
figuration of a power supply system according to a modifi-
cation of the second embodiment.

DETAILED DESCRIPTION

According to an embodiment, a power supply system
includes a power generation unit, a power storage unit, a
changeover unit, a first measuring unit, a second measuring
unit, and a control unit. The power storage unit is configured
to store electric power generated by the power generation
unit. The changeover unit is configured to make a change-
over between a first state in which the power generation unit
and a load are connected to feed the electric power generated
by the power generation unit to the load and a second state
in which the power generation unit and the load are not
connected but the power storage unit and the load are
connected to feed the electric power stored in the power
storage unit to the load. The first measuring unit is config-
ured to measure electric power fed to the load. The second
measuring unit is configured to measure electric power fed
from the power generation unit. The control unit is config-
ured to perform control to make the changeover to the first
state when a value obtained by subtracting a first value from
a value of the electric power measured by the second
measuring unit is not less than a value of the electric power
measured by the first measuring unit. The control unit is
configured to perform control to make the changeover to the
second state when the value obtained by subtracting the first
value from the value of the electric power measured by the
second measuring unit is less than the value of the electric
power measured by the first measuring unit.
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Embodiments of a power supply system, a power supply
controller, and a program according to the present invention
will be described below in detail with reference to the
accompanying drawings.

First Embodiment

FIG. 1 is a block diagram illustrating an example of a
configuration of a power supply system 100 that feeds
electric power to a load 200. As illustrated in FIG. 1, the
power supply system 100 includes an energy conversion unit
10, a power storage unit 20, a changeover unit 30, a first
transformer 40, a second transformer 50, a first measuring
unit 60, a second measuring unit 70, a third measuring unit
110, and a control unit 80.

The energy conversion unit 10 converts energy, other than
electricity, received from the outside of the power supply
system 100 into electric power (electric energy). The energy
conversion unit 10 includes a solar cell (solar panel), for
example, but it is not limited thereto. In this embodiment,
the energy conversion unit 10 may be referred to as a power
generation unit.

The power storage unit 20 stores electric power converted
in the energy conversion unit 10. In the present embodiment,
the power storage unit 20 includes a capacitor. One electrode
of the capacitor is connected to later-described second
switch SW2 and third switch SW3, while the other electrode
is connected to a power supply line 101 connected to a
ground potential. The capacitor is a passive element that
stores or discharges charges (electric energy). Examples of
the capacitor used in the present embodiment include an
electric double layer capacitor, a redox capacitor, and a
hybrid capacitor (e.g., lithium ion capacitor) that employs an
electric double layer on one of two electrodes, and employs
a redox reaction (oxidation-reduction reaction) on the other
electrode. Any capacitors can be used. The power storage
unit 20 is not limited to the capacitor, so long as it can charge
and discharge. Examples of usable power storage unit 20
include a lead storage battery, a lithium ion secondary
battery, a lithium ion polymer secondary battery, a nickel-
hydrogen storage cell, a nickel-cadmium storage cell,
nickel-zinc storage cell, and a silver oxide-zinc storage cell.

The changeover unit 30 can make a changeover between
a first state in which the energy conversion unit 10 and the
load 200 are connected to feed the electric power converted
by the energy conversion unit 10 to the load 200, and a
second state in which the energy conversion unit 10 and the
load are not connected, but the power storage unit 20 and the
load 200 are connected to feed the electric power stored in
the power storage unit 20 to the load 200. In the present
embodiment, the changeover unit 30 includes a first switch
SW1, a second switch SW2, and a third switch SW3.

The first switch SW1 is connected to the energy conver-
sion unit 10 and the load 200 in series. When the first switch
SWI1 is turned on, a current path from the energy conversion
unit 10 to the load 200 is formed (the energy conversion unit
10 and the load 200 are connected), so that electric power
converted in the energy conversion unit 10 is fed to the load
200. The second switch SW2 and the third switch SW3 are
arranged between the power storage unit 20 and the load
200. In the present embodiment, one end of the second
switch SW2 is connected to one electrode of the capacitor
which is the power storage unit 20, while the other end of the
second switch SW2 is connected to a node ND1 on the
current path from the first switch SW1 to the load 200. One
end of the third switch SW3 is connected to one electrode of
the capacitor, while the other end of the third switch SW3 is
connected to a node ND2 between the node ND1 and the
load 200.
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The control unit 80 controls on/off of each of the first
switch SW1, the second switch SW2, and the third switch
SW3. Each of these switches can be configured by a bipolar
transistor, a field-effect transistor, an insulated gate bipolar
transistor, a grounded-trench-MOS assisted bipolar-mode
FET, a phototransistor, a static induction transistor, a power
bipolar transistor, a reverse conducting thyristor, a gate-
assisted turn-off thyristor, a gate turn-off thyristor, a gate-
commutated turn-off thyristor, a light-triggered thyristor,
and a bidirectional thyristor.

The control unit 80 controls on/off of each of the first
switch SW1, the second switch SW2, and the third switch
SW3. In order to set the “first state” described above, the
control unit 80 turns on the first switch SW1 and the second
switch SW2, and turns off the third switch SW3. Thus, the
energy conversion unit 10 and the load 200 are connected to
bring the state (first state) in which electric power converted
in the energy conversion unit 10 is fed to the load 200. In
order to set the “second state” described above, the control
unit 80 turns off the first switch SW1 and the second switch
SW2, and turns on the third switch SW3 in the present
embodiment. Thus, the energy conversion unit 10 and the
load 200 are not connected, but the power storage unit 20
and the load 200 are connected to bring the state (second
state) in which electric power stored in the power storage
unit 20 is fed to the load 200.

The first transformer 40 transforms the output voltage
from the energy conversion unit 10 into a predetermined
voltage value. In the present embodiment, the first trans-
former 40 transforms the output voltage from the energy
conversion unit 10 into a voltage (predetermined) needed by
the load 200. The first transformer 40 can include a linear
regulator or a switching regulator. There are a step-down
regulator for stepping down an input voltage to an arbitrary
voltage, a step-up regulator for stepping up the input voltage
to an arbitrary voltage, and a step up/down regulator formed
by combining these two types. Any regulators can be used.
When electric power is extracted from a solar cell (one
example of the energy conversion unit 10), the voltage
required by the load 200 is lower than the output voltage
from the solar cell. Therefore, a step-down regulator is often
used for the first transformer 40.

The second transformer 50 transforms the output voltage
from the power storage unit 20 into a predetermined voltage
value. In the present embodiment, the second transformer 50
transforms the output voltage from the energy conversion
unit 10 into a voltage (predetermined) needed by the load
200. Since the output voltage of a capacitor decreases with
the discharge, a step-up regulator is preferably used for the
second transformer 50. The configuration in which the
step-up regulator is provided between the power storage unit
20 and the load 200 can solve the problem that electric
power stored in the capacitor is not output, and many
charges remain in the capacitor, because of the voltage drop
caused by the discharge of the capacitor serving as the power
storage unit 20.

The first measuring unit 60 measures the electric power
fed to the load 200. In FIG. 1, the first measuring unit 60 is
arranged between the changeover unit 30 (node ND2) and
the load 200.

FIG. 2 is a diagram illustrating an example of the con-
figuration of the first measuring unit 60. As illustrated in
FIG. 2, the first measuring unit 60 includes a shunt resistance
61, an analog/digital converter (hereinafter referred to as
“ADC”) 62, an ADC 63, and a calculator 64. The shunt
resistance 61 is arranged on a current path, not illustrated,
from the second node ND2 to the load 200. The ADC 62
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converts an analog value of a voltage of one terminal (the
terminal close to the second node ND2) of the shunt resis-
tance 61 into digital data. The ADC 63 converts an analog
value of a voltage of the other terminal (the terminal close
to the load 200) of the shunt resistance 61 into digital data.
The calculator 64 measures electric power fed to the load
200, and reports the measurement result to the control unit
80, according to the request from the control unit 80. For
example, the control unit 80 may periodically request the
measurement of electric power to the calculator 64, or may
request the measurement of electric power when some
changes occur (e.g., when the condition of use of the load
200 changes). It may be configured such that, when some
changes occur (e.g., when the measured value of electric
power by the first measuring unit 60 exceeds a predeter-
mined threshold value because the condition of use of the
load 200 changes), the first measuring unit 60 reports the
result to the control unit 80. The later-described changeover
process may be started at the timing of receiving the report
from the first measuring unit 60 (by using the report from the
first measuring unit 60 as a trigger).

The measuring method of the first measuring unit 60 will
be described in detail. The calculator 64 acquires the digital
data converted by the ADC 62 and the digital data converted
by the ADC 63, and acquires the voltage difference between
the terminals of the shunt resistance 61 from the difference
between the acquired digital data. The calculator 64 divides
the voltage difference between the terminals of the shunt
resistance 61 by the predetermined resistance value of the
shunt resistance 61, thereby calculating a value of current
flowing through the shunt resistance 61. The calculator 64
specifies the value acquired from the ADC 62 or the ADC 63
as the output voltage, and obtains the value of the electric
power fed to the load 200 by multiplying the output voltage
by the calculated current value.

For example, the first measuring unit 60 may include a
storage unit 65 for storing the calculation result (measuring
result) by the calculator 64 as illustrated in FIG. 3. In this
case, the calculator 64 may periodically calculate the electric
power fed to the load 200, and write the calculation result to
the storage unit 65. In this configuration, the calculation
result stored in the storage unit 65 is updated every time the
calculator 64 makes the calculation. The control unit 80 can
read the value stored in the storage unit 65 according to
need. For example, the control unit 80 can periodically read
the value stored in the storage unit 65, or can read the value
stored in the storage unit 65 when some changes occur.

As illustrated in FIG. 4, the first measuring unit 60 may
include an amplifier 66 for amplifying the voltage difference
between both terminals of the shunt resistance 61, for
example. Since the resistance value of the shunt resistance
61 is small, the voltage difference (the voltage difference
between both terminals of the shunt resistance 61) generated
on the shunt resistance 61 inevitably becomes very small.
Since the resolution of the ADC is finite, there is a possibility
of the voltage difference being regarded as zero by the
round-off of the value with a quantization error. This con-
cern is avoided by amplifying the voltage difference
between both terminals of the shunt resistance 61 by the
amplifier 66. In the example in FIG. 4, the first measuring
unit 60 includes an ADC 67 that converts the analog value
of the voltage difference amplified by the amplifier 66 into
digital data, and an ADC 68 that converts the analog value
of the voltage on the other terminal (the terminal close to the
load 200) of the shunt resistance 61 into digital data. The
calculator 64 acquires the digital data converted by the ADC
67, and obtains the value of current flowing through the
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shunt resistance 61 by dividing the acquired digital data by
the predetermined resistance value of the shunt resistance
61, according to the request from the control unit 80. The
calculator 64 acquires the digital data converted by the ADC
68 as the output voltage, and obtains the value of the electric
power fed to the load 200 by multiplying the acquired output
voltage by the calculated current value. When the amplifier
66 is inserted as in the example in FIG. 4, the value after the
AD conversion becomes the value amplified by the amplifier
66. Therefore, the correct current value is the value obtained
by dividing by the gain of the amplifier 66. Accordingly,
when the value of current flowing through the shunt resis-
tance 61 is obtained, or when the value of electric power fed
to the load 200 is obtained, the calculator 64 makes division
by the gain of the amplifier 66. Even in another example
using the amplifier, the division by the gain of the amplifier
66 is necessary in order to acquire the correct measured
value. As illustrated in FIG. 3, the storage unit 65 for storing
the calculation result by the calculator 64 may be provided,
for example.

In the example in FIG. 4, the voltage on the other terminal
(the terminal close to the load 200) of the shunt resistance 61
is used as the output voltage for calculating the electric
power. However, as illustrated in FIG. 5, the voltage on one
terminal (the terminal close to the second node ND2) of the
shunt resistance 61 may be used as the output voltage for
calculating the electric power. In the example in FIG. 5, an
ADC 69 that converts the analog value of the voltage on one
terminal of the shunt resistance 61 into digital data is
provided instead of the ADC 68 in FIG. 4. The other
configuration is the same as that in FIG. 4.

As illustrated in FIG. 6, the first measuring unit 60 may
include a Hall element 90 instead of the shunt resistance 61.
The Hall element 90 employs Hall effect as its principle, and
outputs a voltage proportion to the value of the current
flowing through the element. Therefore, the value of the
current flowing through the Hall element 90 can be calcu-
lated from a characteristic table indicating the relationship
between the current value and the voltage value. In the
example in FIG. 6, the first measuring unit 60 includes an
ADC 91 that converts the analog value of the output voltage
of the Hall element 90 into digital data, and an ADC 92 that
converts the analog value of the voltage on a node ND3 on
the current path from the Hall element 90 to the load 200 into
digital data. The calculator 64 acquires the digital data
converted by the ADC 91, and obtains the current value (the
value of current flowing through the Hall element 90)
corresponding to the voltage value indicated by the acquired
digital data from a characteristic table prepared beforehand
(for example, this table may be stored in a memory not
illustrated), according to the request from the control unit
80. The calculator 64 acquires the digital data converted by
the ADC 92 as the output voltage, and obtains the value of
the electric power fed to the load 200 by multiplying the
acquired output voltage by the calculated current value.

In the example in FIG. 6, the voltage on the node ND3 on
the current path from the Hall element 90 to the load 200 is
used as the output voltage for calculating electric power.
However, the voltage on a node ND4 on the current path
from the second node ND2 (not illustrated) to the Hall
element 90 may be used as the output voltage for calculating
the electric power as illustrated in FIG. 7, for example. In the
example in FIG. 7, an ADC 93 that converts the analog value
of the voltage on the node ND4 into digital data is provided
instead of the ADC 92 in FIG. 6. The other configuration is
the same as that in FIG. 6.



US 10,038,335 B2

7

Since the voltage output from the Hall element 90 is very
small, an amplifier 94 for amplifying the output voltage of
the Hall element 90 may be provided between the Hall
element 90 and the ADC 91 as illustrated in FIG. 8.

The description is continued referring back to FIG. 1. The
second measuring unit 70 measures the electric power fed
from the energy conversion unit 10. In the example in FIG.
1, the second measuring unit 70 is arranged between the first
transformer 40 and the changeover unit 30. The configura-
tion of the second measuring unit 70 is the same as that of
the first measuring unit 60.

The third measuring unit 110 measures the amount of
charges (amount of stored power) stored in the power
storage unit 20. FIG. 9 is a diagram illustrating an example
of the configuration of the third measuring unit 110. As
illustrated in FIG. 9, the third measuring unit 110 includes an
ADC 111 and a calculator 113. The ADC 111 converts the
analog value of the voltage on one electrode of the capacitor
serving as the power storage unit 20 into digital data. In the
example in FIG. 9, the other electrode of the capacitor is
connected to the power supply line 101 connected to a
ground potential. Therefore, the digital data converted by the
ADC 111 represents the voltage (the voltage applied to the
capacitor) between both electrodes of the capacitor. The
calculator 113 measures the amount of stored power in the
power storage unit 20, and reports the measurement result to
the control unit 80, according to the request from the control
unit 80. For example, the control unit 80 may periodically
request the measurement of the amount of stored power to
the calculator 113, or may request the measurement of the
amount of stored power when some changes occur (e.g.,
when the condition of use of the load 200 changes).

The measuring method of the third measuring unit 110
will be described in detail. In the example in FIG. 9, the
calculator 113 acquires the digital data converted by the
ADC 111, and specifies the value of the voltage applied to
the capacitor from the acquired digital data. The calculator
113 then obtains the amount of stored power of the capacitor
by multiplying the predetermined capacitance of the capaci-
tor by the specified voltage value (Q=CxV).

For example, the third measuring unit 110 may include a
storage unit 115 for storing the calculation result (measuring
result) by the calculator 113 as illustrated in FIG. 10. In this
case, the calculator 113 may periodically calculate the
amount of stored power in the power storage unit 20, and
write the calculation result to the storage unit 115. In this
configuration, the calculation result (measured amount of
stored power) stored in the storage unit 115 is updated every
time the calculator 113 makes the calculation. The control
unit 80 can read the value stored in the storage unit 115
according to need. For example, the control unit 80 can
periodically read the value stored in the storage unit 115, or
can read the value stored in the storage unit 115 when some
changes occur. The configuration of the third measuring unit
110 is not limited to the above-described configuration. Any
device can be used, so long as it can measure the amount of
stored power in the power storage unit 20. For example, a
coulomb counter or a gas gauge can be used.

The description is continued referring back to FIG. 1.
When the value obtained by subtracting a first value from the
value of the electric power measured by the second mea-
suring unit 70 is not less than the value of electric power
measured by the first measuring unit 60, the control unit 80
performs the control to make the changeover to the first
state. On the other hand, when the value obtained by
subtracting the first value from the value of electric power
measured by the second measuring unit 70 is less than the
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value of electric power measured by the first measuring unit
60, the control unit 80 performs the control to make the
changeover to the second state. The present embodiment sets
conditions in which the amount of stored power measured
by the third measuring unit 110 is less than a first threshold
value and the value obtained by subtracting the first value
from the value of the electric power measured by the second
measuring unit 70 is not less than the value of the electric
power measured by the first measuring unit 60. When the
conditions are satisfied, the control unit 80 makes the
changeover to the first state. When the conditions are not
satisfied, the control unit 80 makes the changeover to the
second state. Specific details of the control unit 80 will be
hereinafter described.

FIG. 11 is a block diagram illustrating an example of the
configuration of the control unit 80. As illustrated in FIG. 11,
the control unit 80 includes a first acquiring unit 81, a second
acquiring unit 82, a third acquiring unit 83, and a changeover
control unit 84.

The first acquiring unit 81 acquires the value of the
electric power measured by the first measuring unit 60. For
example, the first acquiring unit 81 can transmit to the first
measuring unit 60 a signal requesting the measurement
result of the electric power fed to the load 200, and receive
the measurement result of the electric power in response to
the signal. When the measurement result by the first mea-
suring unit 60 is stored in the storage unit, the first acquiring
unit 81 accesses to the storage unit to acquire the value
stored in the storage unit.

The second acquiring unit 82 acquires the value of the
electric power measured by the second measuring unit 70.
For example, the second acquiring unit 82 can transmit to
the second measuring unit 70 a signal requesting the mea-
surement result of the electric power fed from the energy
conversion unit 10, and receive the measurement result of
the electric power fed from the energy conversion unit 10 in
response to the signal. When the measurement result by the
second measuring unit 70 is stored in the storage unit, the
second acquiring unit 82 accesses to the storage unit to
acquire the value stored in the storage unit.

The third acquiring unit 83 acquires the amount of stored
power measured by the third measuring unit 110. For
example, the third acquiring unit 83 can transmit to the third
measuring unit 110 a signal requesting the measurement
result of the amount of the stored power, and receive the
measurement result of the amount of stored power in
response to the signal. When the measurement result by the
third measuring unit 110 is stored in the storage unit, the
third acquiring unit 83 accesses to the storage unit to acquire
the value stored in the storage unit.

The changeover control unit 84 controls the operation of
the changeover unit 30. In the present embodiment, the
changeover control unit 84 determines whether the amount
of'stored power acquired by the third acquiring unit 83 is not
less than the first threshold value. When the amount of stored
power acquired by the third acquiring unit 83 is not less than
the first threshold value, the changeover control unit 84
determines that the conditions described above are not
satisfied, thereby performing the control to make the
changeover to the second state. Only when the amount of
stored power acquired by the third acquiring unit 83 is less
than the first threshold value, the value of the electric power
acquired by the second acquiring unit 82 can be regarded as
the electric power (generated power) obtained by the con-
version in the energy conversion unit 10. The detailed reason
will be described below. When the power storage unit 20 is
not fully charged (or when the power storage unit 20 is not
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almost fully charged, e.g., when the amount of stored power
is not less than the first threshold value), not only the electric
power generated by the energy conversion unit 10 is fed to
the load 200, but also the electric power (surplus power)
obtained by subtracting the electric power fed to the load
200 from the electric power generated by the energy con-
version unit 10 is fed to the power storage unit 20, since
there is a voltage difference between the output voltage from
the first transformer 40 and the voltage of the power storage
unit 20. On the other hand, when the power storage unit 20
is fully charged, only the electric power needed by the load
200 is fed to the load 200 from the energy conversion unit
10. Specifically, when the power storage unit 20 is fully
charged, the amount of generated power of the energy
conversion unit 10 cannot be measured. When the power
storage unit 20 is not fully charged, the measurement result
by the second measuring unit 70 can be regarded as the
amount of generated power from the energy conversion unit
10. Accordingly, the problem in which the generated power
of'the energy conversion unit 10 (the electric power obtained
by the conversion by the energy conversion unit 10) cannot
correctly be measured only by measuring the electric power
fed from the energy conversion unit 10 can be solved as
described below. The control unit 80 monitors the state of
the power storage unit 20 by using the amount of stored
power acquired by the third acquiring unit 83. Only when
the amount of stored power is less than the first threshold
value, the control unit 80 regards the value of the electric
power acquired by the second acquiring unit 82 (the value of
the electric power measured by the second measuring unit
70) as the generated power from the energy conversion unit
10, and when the amount of stored power is not less than the
first threshold value, it makes a control to select the power
storage unit 20, which can feed more electric power than the
energy conversion unit 10, as the power supply source, since
the generated power from the energy conversion unit 10 is
uncertain.

On the other hand, when the amount of stored power
acquired by the third acquiring unit 83 is less than the first
threshold value, the changeover control unit 84 determines
whether the value of the electric power acquired by the
second acquiring unit 82 can cover the value of the electric
power acquired by the first acquiring unit 81 (i.e., the value
of the electric power fed to the load 200). When the amount
of stored power of the power storage unit 20 is less than the
first threshold value (when the power storage unit 20 has the
capacity to store power), the electric power fed from the
energy conversion unit 10 is distributed to the power storage
unit 20 and the load 200 in the first state. In the present
embodiment, the changeover control unit 84 compares the
value obtained by subtracting the first value from the value
of the electric power acquired by the second acquiring unit
82 and the value of the electric power acquired by the first
acquiring unit 81. When the value obtained by subtracting
the first value from the value of the electric power acquired
by the second acquiring unit 82 is not less than the value of
the electric power acquired by the first acquiring unit 81, the
changeover control unit 84 determines that the electric
power acquired by the second acquiring unit 82 can cover
the electric power acquired by the first acquiring unit 81. In
the present embodiment, the first value is supposed to be a
fixed value, for example. However, the present embodiment
is not limited thereto. The first value may dynamically
change. For example, the first value may variably be set
according to the value of the electric power fed from the
energy conversion unit 10.
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When the value obtained by subtracting the first value
from the value of the electric power acquired by the second
acquiring unit 82 is not less than the value of the electric
power acquired by the first acquiring unit 81, the changeover
control unit 84 determines that the condition is satisfied, and
performs the control to make the changeover to the first
state. More specifically, the changeover control unit 84 turns
on the first switch SW1 and the second switch SW2, and
turns off the third switch SW3. When the value obtained by
subtracting the first value from the value of the electric
power acquired by the second acquiring unit 82 is less than
the value of the electric power acquired by the first acquiring
unit 81, the changeover control unit 84 determines that the
condition is not satisfied, and performs the control to make
the changeover to the second state. More specifically, the
changeover control unit 84 turns off the first switch SW1 and
the second switch SW2, and turns on the third switch SW3.

The condition may be set to include only the case in which
the value obtained by subtracting the first value from the
value of the electric power acquired by the second acquiring
unit 82 is not less than the value of the electric power
acquired by the first acquiring unit 81. In this case, when the
changeover control unit 84 determines that the value
obtained by subtracting the first value from the value of the
electric power acquired by the second acquiring unit 82 is
not less than the value of the electric power acquired by the
first acquiring unit 81, it may perform the control to make
the changeover to the first state, regardless of the amount of
stored power in the power storage unit 20. On the other
hand, when the changeover control unit 84 determines that
the value obtained by subtracting the first value from the
value of the electric power acquired by the second acquiring
unit 82 is less than the value of the electric power acquired
by the first acquiring unit 81, it may perform the control to
make the changeover to the second state, regardless of the
amount of stored power in the power storage unit 20.

In the present embodiment, the control unit 80 is config-
ured as a computer including a CPU (Central Processing
Unit), a ROM, and a RAM. The function of each of the first
acquiring unit 81, the second acquiring unit 82, the third
acquiring unit 83, and the changeover control unit 84 can be
realized by the CPU that expands and executes a program
stored in, such as the ROM. The present embodiment is not
limited thereto. For example, some of the functions of the
first acquiring unit 81, the second acquiring unit 82, the third
acquiring unit 83, and the changeover control unit 84 can be
realized by a dedicated hardware circuit.

The changeover process executed by the control unit 80
will be described next. FIG. 12 is a flowchart illustrating one
example of the first changeover process executed by the
control unit 80. In this example, it is supposed that the initial
state (default state) of the power supply system 100 is set as
the first state. As illustrated in FIG. 12, the third acquiring
unit 83 firstly acquires the amount of stored power measured
by the third measuring unit 110 (step S11). Then, the
changeover control unit 84 determines whether the amount
of stored power acquired in step S11 is not less than the first
threshold value (step S12). When determining that the
amount of stored power acquired in step S11 is not less than
the first threshold value (result in step S12: YES), the
changeover control unit 84 determines that the condition
described above is not satisfied, and performs the control to
make the changeover to the second state (step S13).

When determining that the amount of stored power
acquired in step S11 is less than the first threshold value
(result in step S12: NO), the changeover control unit 84
requests to the second acquiring unit 82 to acquire the
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measurement result by the second measuring unit 70. On
receipt of this request, the second acquiring unit 82 acquires
the value of the electric power measured by the second
measuring unit 70 (the measured value of the electric power
fed from the energy conversion unit 10) (step S14). Next, the
changeover control unit 84 requests to the first acquiring unit
81 to acquire the measurement result by the first measuring
unit 60. On receipt of this request, the first acquiring unit 81
acquires the electric power measured by the first measuring
unit 60 (the measured value of the electric power fed to the
load 200) (step S15). The order of step S14 and step S15
may be reversed.

Next, the changeover control unit 84 determines whether
the value obtained by subtracting the first value from the
value of the electric power acquired in step S14 is not less
than the value of the electric power acquired in step S15
(step S16). When the value obtained by subtracting the first
value from the value of the electric power acquired in step
S14 is not less than the value of the electric power acquired
in step S15 (result of step S16: YES), the changeover control
unit 84 determines that the condition is satisfied, and per-
forms the control to make the changeover to the first state
(step S17). On the other hand, when the value obtained by
subtracting the first value from the value of the electric
power acquired in step S14 is less than the value of the
electric power acquired in step S15 (result of step S16: NO),
the changeover control unit 84 determines that the condition
is not satisfied, and performs the control to make the
changeover to the second state (step S18). This is the specific
first changeover process (the first changeover process after
the start) executed by the control unit 80.

FIG. 13 is a flowchart illustrating one example of the
second and subsequent changeover process executed by the
control unit 80. As illustrated in FIG. 12, the third acquiring
unit 83 firstly acquires the amount of stored power measured
by the third measuring unit 110 (step S21). Then, the
changeover control unit 84 determines whether the amount
of stored power acquired in step S21 is not less than the first
threshold value (step S22). When determining that the
amount of stored power acquired in step S21 is not less than
the first threshold value (result in step S22: YES), the
changeover control unit 84 determines that the condition
described above is not satisfied, and performs the control to
make the changeover to the second state (step S23).

When determining that the amount of stored power
acquired in step S21 is less than the first threshold value in
step S22 (result in step S22: NO), the changeover control
unit 84 determines whether the current state of the power
supply system 100 is the first state (step S24). When
determining that the state of the current power supply
system 100 is the first state (result of step S24: YES), the
changeover control unit 84 requests to the second acquiring
unit 82 to acquire the measurement result by the second
measuring unit 70. On receipt of this request, the second
acquiring unit 82 acquires the value of the electric power
measured by the second measuring unit 70 (step S25). Next,
the changeover control unit 84 requests to the first acquiring
unit 81 to acquire the measurement result by the first
measuring unit 60. On receipt of this request, the first
acquiring unit 81 acquires the value of the electric power
measured by the first measuring unit 60 (step S26). Next, the
changeover control unit 84 determines whether the value
obtained by subtracting the first value from the value of the
electric power acquired in step S25 is not less than the value
of the electric power acquired in step S26 (step S27). This
process is the same as the process in step S16 in FIG. 12.
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When the value obtained by subtracting the first value
from the value of the electric power acquired in step S25 is
not less than the value of the electric power acquired in step
S26 in step S27 (result of step S27: YES), the changeover
control unit 84 determines that the condition is satisfied, and
performs the control to make the changeover to the first state
(step S28). When the value obtained by subtracting the first
value from the value of the electric power acquired in step
S25 is less than the value of the electric power acquired in
step S26 in step S27 (result of step S27: NO), the changeover
control unit 84 determines that the condition is not satisfied,
and performs the control to make the changeover to the
second state (step S29).

On the other hand, when determining that the current state
of the power supply system 100 is not the first state in step
S24, i.e., when the current state is the second state (result of
step S24: NO), the changeover control unit 84 requests to the
first acquiring unit 81 to acquire the measurement result by
the first measuring unit 60. On receipt of this request, the
first acquiring unit 81 acquires the electric power measured
by the first measuring unit 60 (the measured value of the
electric power fed to the load 200) (step S30). Then, the
changeover control unit 84 determines whether the value of
the electric power acquired in step S30 is not less than a
second threshold value (step S31). The detail of this process
will be described in a later-described second embodiment.
When determining that the value of the electric power
acquired in step S30 is not less than the second threshold
value (result of step S31: YES), the changeover control unit
84 determines that the condition described above is not
satisfied, and performs the control to make the changeover
to the second state (step S29). When determining that the
value of the electric power acquired in step S30 is less than
the second threshold value (result of step S31: NO), the
changeover control unit 84 determines that the condition
described above is satisfied, and performs the control to
make the changeover to the first state (step S28). This is the
specific second and subsequent changeover process
executed by the control unit 80.

In the present embodiment, the initial state (default state)
of the power supply system 100 is set to the first state.
However, the present embodiment is not limited thereto. For
example, the state of the power supply system 100 just
before it is stopped may be set as the initial state of the
power supply system 100 upon the start afterward. The
changeover process in this case can be the one illustrated in
the flowchart in FIG. 13, regardless of whether it is the first
changeover process or the second and subsequent change-
over process.

As described above, the power supply system 100 in the
present embodiment includes the changeover unit 30 that
changes the state of the power supply system to the first state
in which the energy conversion unit 10 and the load 200 are
connected to feed the electric power converted by the energy
conversion unit 10 to the load 200, and to the second state
in which the energy conversion unit 10 and the load 200 are
not connected, but the power storage unit 20 and the load
200 are connected to feed the electric power stored in the
power storage unit 20 to the load 200, and the control unit
80 that controls the operation of the changeover unit 30.
When the conditions in which the amount of stored power of
the power storage unit 20 (the value of the electric power
measured by the third measuring unit 110) is less than the
first threshold value and the value obtained by subtracting
the first value from the value of the electric power fed from
the energy conversion unit 10 (the value of the electric
power measured by the second measuring unit 70) is not less



US 10,038,335 B2

13

than the value of the electric power fed to the load 200 (the
value of the electric power measured by the first measuring
unit 60) are satisfied, the control unit 80 performs the control
to change the power supply system to the first state. When
the conditions are not satisfied, the control unit 80 performs
the control to change the power supply system to the second
state.

For example, when the amount of stored power of the
power storage unit 20 is not less than the first threshold
value, the conditions in the present embodiment are not
satisfied, so that the control unit 80 performs the control to
make the changeover to the second state. When the amount
of stored power of the power storage unit 20 is not less than
the first threshold value, the power storage unit 20 can feed
the electric power larger than the maximum electric power
that can be converted by the energy conversion unit 10 to the
load 200. In the second state, the energy conversion unit 10
and the load 200 are not connected, but the power storage
unit 20 and the load 200 are connected. Therefore, even if
the output voltage of the power storage unit 20 is lower than
the output voltage of the energy conversion unit 10, the
electric power stored in the power storage unit 20 can be fed
to the load 200. Specifically, the power storage unit 20 can
be selected as the power supply source without being
dependent on the respective output voltages of the energy
conversion unit 10 and the power storage unit 20. Therefore,
the load 200 whose maximum consumption power exceeds
the maximum electric power that can be converted by the
energy conversion unit (e.g., solar cell) 10 can be operated.

For example, when the value obtained by subtracting the
first value from the value of the electric power fed to the
energy conversion unit 10 is less than the value of the
electric power fed to the load 200, the conditions in the
present embodiment are not satisfied. Therefore, the control
unit 80 performs the control to make the changeover to the
second state. Specifically, in this case, the control unit 80
determines that the power consumption of the load 200
cannot be covered by the electric power from the energy
conversion unit 10, and selects the power storage unit 20 that
can feed the electric power larger than the electric power
from the energy conversion unit 10 as the power supply
source. When the amount of stored power of the power
storage unit 20 is less than the first threshold value, and the
value obtained by subtracting the first value from the electric
power fed from the energy conversion unit 10 is not less than
the value of the electric power fed to the load 200, the
conditions of the present embodiment are satisfied. There-
fore, the control unit 80 performs the control to make the
changeover to the first state. Specifically, in this case, the
control unit 80 determines that the power consumption of
the load 200 can be covered by the electric power from the
energy conversion unit 10, and selects the energy conversion
unit 10 as the power supply source. As described above,
according to the present embodiment, an appropriate power
supply source (energy conversion unit 10, power storage
unit 20) can be selected as the power supply source without
being dependent on the respective output voltages of the
energy conversion unit 10 and the power storage unit 20.
Therefore, the load 200 whose maximum consumption
power exceeds the maximum electric power that can be
converted by the energy conversion unit (e.g., solar cell) 10
can be operated.

Second Embodiment

FIG. 14 is a diagram illustrating an example of a con-
figuration of a power supply system 1000 according to a
second embodiment. In the power supply system 1000 in the
second embodiment, the second measuring unit 70 described
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above is not provided, and a control unit 800 performs a
control to make a changeover to the first state, when the
value of the electric power measured by the first measuring
unit 60 is less than the second threshold value, and performs
the control to make a changeover to the second state, when
the value of the electric power measured by the first mea-
suring unit 60 is not less than the second threshold value.
The detail will be described below more specifically.

FIG. 15 is a block diagram illustrating an example of the
configuration of the control unit 800. As illustrated in FIG.
15, the control unit 800 includes a first acquiring unit 81, a
third acquiring unit 83, and a changeover control unit 84. In
the present embodiment, the changeover control unit 84
determines whether the amount of stored power acquired by
the third acquiring unit 83 is not less than the first threshold
value. When the amount of stored power acquired by the
third acquiring unit 83 is not less than the first threshold
value, the changeover control unit 84 determines that the
condition described above is not satisfied, thereby perform-
ing the control to make the changeover to the second state.
On the other hand, when the amount of stored power
acquired by the third acquiring unit 83 is less than the first
threshold value, the changeover control unit 84 determines
whether the value of the electric power acquired by the first
acquiring unit 81 is not less than the second threshold value.
When the value of the electric power acquired by the first
acquiring unit 81 is not less than the second threshold value,
the changeover control unit 84 determines that the condition
is not satisfied, and performs the control to make the
changeover to the second state. On the other hand, when the
value of the electric power acquired by the first acquiring
unit 81 is less than the second threshold value, the change-
over control unit 84 determines that the condition is satis-
fied, and performs the control to make the changeover to the
first state.

The condition may be set to include only the case in which
the value acquired by the first acquiring unit 81 is less than
the second threshold value. In this case, when the change-
over control unit 84 determines that the value acquired by
the first acquiring unit 81 is less than the second threshold
value, it may perform the control to make the changeover to
the first state, regardless of the amount of stored power in the
power storage unit 20. On the other hand, when the change-
over control unit 84 determines that the value obtained by
the first acquiring unit 81 is not less than the second
threshold value, it may perform the control to make the
changeover to the second state, regardless of the amount of
stored power in the power storage unit 20.

The changeover process executed by the control unit 800
will be described next with reference to FIG. 16. FIG. 16 is
a flowchart illustrating one example of the changeover
process. As illustrated in FIG. 16, the third acquiring unit 83
firstly acquires the amount of stored power measured by the
third measuring unit 110 (step S31). Then, the changeover
control unit 84 determines whether the amount of stored
power acquired in step S31 is not less than the first threshold
value (step S32). When determining that the amount of
stored power acquired in step S31 is not less than the first
threshold value (result in step S32: YES), the changeover
control unit 84 determines that the condition is not satisfied,
and performs the control to make the changeover to the
second state (step S33). More specifically, the changeover
control unit 84 turns off the first switch SW1 and the second
switch SW2, and turns on the third switch SW3. Thus, the
power supply system is in the second state in which the
energy conversion unit 10 and the load 200 are not con-
nected, but the power storage unit 20 and the load 200 are
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connected to feed the electric power stored in the power
storage unit 20 to the load 200.

On the other hand, when determining that the amount of
stored power acquired in step S31 is less than the first
threshold value (result in step S32: NO), the changeover
control unit 84 requests to the first acquiring unit 81 to
acquire the measurement result by the first measuring unit
60. On receipt of this request, the first acquiring unit 81
acquires the electric power measured by the first measuring
unit 60 (the measured value of the electric power fed to the
load 200) (step S34). Then, the changeover control unit 84
determines whether the value of the electric power acquired
in step S34 is not less than a second threshold value (step
S35). When determining that the amount of stored power
acquired in step S34 is not less than the second threshold
value (result in step S35: YES), the changeover control unit
84 determines that the condition is not satisfied, and per-
forms the control to make the changeover to the second state
(step S36).

When determining that the value of the electric power
acquired in step S34 is less than the second threshold value
(result of step S35: NO) in step S35, the changeover control
unit 84 determines that the condition described above is
satisfied, and performs the control to make the changeover
to the first state (step S37). More specifically, the changeover
control unit 84 turns on the first switch SW1 and the second
switch SW2, and turns off the third switch SW3. Thus, the
power supply system is in the state (first state) in which the
energy conversion unit 10 and the load 200 are connected to
feed the electric power converted by the energy conversion
unit 10 to the load 200.

The control unit 800 repeatedly executes the changeover
process described above. A periodic interruption by a timer,
or the detection of the change in the state of the load 200 can
be used as a trigger (timing) of repeating the changeover
process.

As described above, when the conditions indicating that
the amount of stored power in the power storage unit 20 is
less than the first threshold value, and the value of the
electric power fed to the load 200 (the value of the electric
power measured by the first measuring unit 60, i.e., the value
of the electric power acquired by the first acquiring unit 81)
is less than the second threshold value are satisfied, the
control unit 800 according to the present embodiment per-
forms the control to make the changeover to the first state.
On the other hand, when the conditions described above are
not satisfied, the control unit 800 performs the control to
make the changeover to the second state.

For example, when the amount of stored power in the
power storage unit 20 is not less than the first threshold
value, the conditions in the present embodiment are not
satisfied, so that the control unit 800 performs the control to
make the changeover to the second state. When the amount
of stored power in the power storage unit 20 is not less than
the first threshold value, the power storage unit 20 can feed
the electric power larger than the maximum electric power
that can be converted by the energy conversion unit 10 to the
load 200. In the second state, the energy conversion unit 10
and the load 200 are not connected, but the power storage
unit 20 and the load 200 are connected. Therefore, even if
the output voltage of the power storage unit 20 is lower than
the output voltage of the energy conversion unit 10, the
electric power stored in the power storage unit 20 can be fed
to the load 200. Specifically, the power storage unit 20 can
be selected as the power supply source without being
dependent on the respective output voltages of the energy
conversion unit 10 and the power storage unit 20. Therefore,
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the load 200 whose maximum consumption power exceeds
the maximum electric power that can be converted by the
energy conversion unit (e.g., solar cell) 10 can be operated.

For example, when the value of the electric power fed to
the load 200 is not less than the second threshold value, the
conditions in the present embodiment are not satisfied, so
that the control unit 80 performs the control to make the
changeover to the second state. Specifically, in this case, the
control unit 800 determines that the power consumption of
the load 200 cannot be covered by the electric power from
the energy conversion unit 10, and selects the power storage
unit 20 that can feed the electric power larger than the
electric power from the energy conversion unit 10 as the
power supply source. When the amount of stored power in
the power storage unit 20 is less than the first threshold
value, and the value of the electric power fed to the load 200
is less than the second threshold value, the conditions of the
present embodiment are satisfied. Therefore, the control unit
80 performs the control to make the changeover to the first
state. Specifically, in this case, the control unit 800 deter-
mines that the power consumption of the load 200 can be
covered by the electric power from the energy conversion
unit 10, and selects the energy conversion unit 10 as the
power supply source. As described above, according to the
present embodiment, an appropriate power supply source
(energy conversion unit 10, power storage unit 20) can be
selected as the power supply source without being depen-
dent on the respective output voltages of the energy con-
version unit 10 and the power storage unit 20. Therefore, the
load 200 whose maximum consumption power exceeds the
maximum electric power that can be converted by the energy
conversion unit (e.g., solar cell) 10 can be operated.

Modifications will be described below. The embodiments
described above and the modifications described below can
be combined to one another.

Modification 1

In the second embodiment described above, the power
supply source (energy conversion unit 10, power storage
unit 20) of the load 200 is selected by using the value of the
electric power measured by the first measuring unit 60.
However, the invention is not limited thereto. The power
supply source may be selected by using a value of current
fed to the load 200, for example. In this case, the first
measuring unit 60 (calculator 64) may not make the calcu-
lation of the value of the electric power fed to the load 200,
but may calculate only the value of current flowing through
the shunt resistance 61 by dividing the voltage difference
between the terminals of the shunt resistance 61 by the
predetermined resistance value of the shunt resistance 61. In
this case, the first measuring unit 60 functions as a current
measuring unit that measures current fed to the load 200. In
summary, it may be configured to include a current measur-
ing unit that measures current fed to the load 200. In this
modification, the control unit 800 includes a current value
acquiring unit that acquires the current value measured by
the current measuring unit, and the changeover control unit
84 performs the control to make the changeover to the first
state, when the amount of stored power acquired by the third
acquiring unit 83 is less than the first threshold value, and the
current value acquired by the current value acquiring unit is
less than a third threshold value. On the other hand, when the
conditions in which the amount of stored power acquired by
the third acquiring unit 83 is less than the first threshold
value and the current value acquired by the current value
acquiring unit is less than the third threshold value are not
satisfied, the changeover control unit 84 performs the con-
trol to make the changeover to the second state. When the
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current value acquired by the current value acquiring unit is
less than the third threshold value, the changeover control
unit 84 performs the control to make the changeover to the
first state, regardless of the amount of stored power in the
power storage unit 20, and when the current value acquired
by the current value acquiring unit is not less than the third
threshold value, the changeover control unit 84 performs the
control to make the changeover to the second state, regard-
less of the amount of stored power in the power storage unit
20.

Modification 2

In the first embodiment described above, the power sup-
ply source (energy conversion unit 10, power storage unit
20) of the load 200 is selected by using the value of the
electric power measured by the first measuring unit 60 and
the value of the electric power measured by the second
measuring unit 70. Since the output voltage from the first
transformer 40 and the output voltage from the second
transformer 50 are the same in the above embodiment, it
may be configured such that the power supply source may be
selected by using the current value. In this case, the first
measuring unit 60 may not make the calculation of the value
of the electric power fed to the load 200, but may calculate
only the value of current flowing through the shunt resis-
tance 61 by dividing the voltage difference between the
terminals of the shunt resistance 61 by the predetermined
resistance value of the shunt resistance 61. In this case, the
first measuring unit 60 functions as a current measuring unit
that measures current fed to the load 200. Similarly, the
second measuring unit 70 may not make the calculation of
the value of the electric power fed from the energy conver-
sion unit 10, but may calculate only the value of current
flowing through the shunt resistance, arranged between the
energy conversion unit 10 (the first transformer 40) and the
changeover unit 30, by dividing the voltage difference
between the terminals of the shunt resistance by the prede-
termined resistance value of the shunt resistance. In this
case, the second measuring unit 70 functions as a current
value measuring unit that measures current output from the
energy conversion unit 10.

In summary, it may be configured to include a first current
measuring unit that measures the current output from the
energy conversion unit 10, and a second current measuring
unit that measures the current fed to the load 200. In this
example, the control unit includes a first current value
acquiring unit that acquires the current value measured by
the first current measuring unit, and a second current value
acquiring unit that acquires the current value measured by
the second current measuring unit, and the changeover
control unit can perform the control to make the changeover
to the first state, when the amount of stored power acquired
by the third acquiring unit 83 is less than the first threshold
value, and a value obtained by subtracting a second value
(fixed value or dynamically changed value) from the current
value acquired by the first current value acquiring unit is not
less than the current value acquired by the second current
value acquiring unit. On the other hand, when the amount of
stored power acquired by the third acquiring unit 83 is less
than the first threshold value, and the value obtained by
subtracting the predetermined value from the current value
acquired by the first current value acquiring unit is less than
the current value acquired by the second current value
acquiring unit, the changeover control unit 84 can perform
the control to make the changeover to the second state.
When the value obtained by subtracting the predetermined
value from the current value acquired by the first current
value acquiring unit is not less than the current value
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acquired by the second current value acquiring unit, the
changeover control unit 84 can perform the control to make
the changeover to the first state, regardless of the amount of
stored power in the power storage unit 20. On the other
hand, when the value obtained by subtracting the predeter-
mined value from the current value acquired by the first
current value acquiring unit is less than the current value
acquired by the second current value acquiring unit, the
changeover control unit 84 can perform the control to make
the changeover to the second state, regardless of the amount
of stored power in the power storage unit 20.

Modification 3

In the first embodiment described above, the second
measuring unit 70 is arranged after the first transformer 40.
However, the invention is not limited thereto. For example,
the second measuring unit 70 may be arranged before the
first transformer 40 as illustrated in FIG. 17.

Modification 4

For example, a diode D1 may be provided in parallel with
the first switch SW1, and a diode D3 may be provided in
parallel with the third switch SW3 as illustrated in FIG. 18.
This configuration is supposed to be applied to the power
supply system 100 in the first embodiment. However, this
configuration can be applied to the power supply system
1000 in the second embodiment. For example, in the first
state in which the first switch SW1 and the second switch
SW2 are turned on, and the third switch SW3 is turned off,
the output voltage from the second transformer 50 to the
load 200 is decreased by the diode D3 connected in parallel
with the third switch SW3, and the output voltage from the
first transformer 40 to the load 200 is not decreased, since it
does not pass through the diode D1. Therefore, the output
voltage from the first transformer 40 to the load 200 is higher
than the output voltage from the second transformer 50 to
the load 200, so that the electric power from the energy
conversion unit 10 is fed to the load 200.

Even if the generated power by the energy conversion unit
10 is too poor to cover the electric power needed by the load
200, and the output voltage from the first transformer 40
does not reach the minimum operating voltage of the load
200 when the changeover control unit 84 performs the
control to change the state to the first state from the second
state, the electric power stored in the power storage unit 20
is fed to the load 200 through the diode D3 connected in
parallel with the third switch SW3, since the output voltage
from the second transformer 50 exceeds the output voltage
from the first transformer 40. Therefore, the instantaneous
shutoff of the power supply to the load 200 can be prevented.
In case where the generated power by the energy conversion
unit 10 is small, and the terminal voltage of the power
storage unit 20 is smaller than the voltage needed by the load
200 when the changeover control unit 84 performs the
control to change the state from the second state to the first
state, the power supply to the load 200 might be stopped.
However, in the example in FIG. 18, the terminal voltage of
the power storage unit 20 increases to the voltage needed by
the load 200 by the second transformer 50. This configura-
tion can prevent the power supply to the load 200 from being
instantaneously shut off.

Modification 5

In the first embodiment described above, the second
transformer 50 and the first transformer 40 are connected in
parallel with each other as illustrated in FIG. 1. However, the
second transformer 50 and the first transformer 40 may be
connected in series as illustrated in FIG. 19. In the example
in FIG. 19, the second transformer 50 is arranged between
the changeover unit 30 and the first measuring unit 60.
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When the voltage is changed by a regulator, for example,
a power loss occurs. Therefore, as illustrated in FIG. 19, a
regulator serving as the second transformer 50 is arranged in
series with a regulator serving as the first transformer 40.
When electric power generated from a solar cell (one
example of the energy conversion unit 10) is directly fed to
the load 200 (in the case of the first state described above),
the power loss occurs twice in the regulator serving as the
first transformer 40 and the in the regulator serving as the
second transformer 50 until the electric power is fed from
the solar cell to the load 200. On the other hand, in the
arrangement illustrated in FIG. 1, only the power loss on the
regulator serving as the first transformer 40 occurs until the
electric power generated by the solar cell is fed to the load
200. Accordingly, the arrangement illustrated in FIG. 1 can
bring an advantageous effect of being hardly affected by the
power loss of the regulator, compared to the arrangement
illustrated in FIG. 19.

In the example in FIG. 19, the second transformer 50 is
arranged between the changeover unit 30 and the second
measuring unit 70. However, the invention is not limited
thereto. For example, the second transformer 50 may be
arranged between the second measuring unit 70 and the load
200 as illustrated in FIG. 20. As illustrated in FIG. 20, the
changeover unit 30 may include only one switch SW11. In
the example in FIG. 20, the switch SW11 is connected to the
energy conversion unit 10 and the load 200 in series, and
arranged between the second measuring unit 70 and the first
measuring unit 60. In the example in FIG. 20, one electrode
of the capacitor forming the power storage unit 20 is
connected to a node ND11 on the current path from the
switch SW1 to the first measuring unit 60.

In this example, the control unit 80 turns on the switch
SW11 in order to bring the power supply system into the first
state. Thus, the power supply system is in the state (first
state) in which the energy conversion unit 10 and the load
200 are connected to feed the electric power converted by
the energy conversion unit 10 to the load 200. The control
unit 80 turns off the switch SW11 in order to bring the power
supply system into the second state. Thus, the power supply
system is in the second state in which the energy conversion
unit 10 and the load 200 are not connected, but the power
storage unit 20 and the load 200 are connected to feed the
electric power stored in the power storage unit 20 to the load
200. In the example in FIG. 20, the selection of the power
supply source to the load 200 can be realized by the single
switch SW11, which simplifies the configuration.

In each embodiment described above, all of the electric
power stored in the power storage unit 20 is used up by the
second transformer 50. However, the invention is not limited
thereto. The second transformer 50 may not be provided as
illustrated in FIG. 21, so long as the power supply source can
be selected.

In summary, the power supply system may only be
configured to include the changeover unit for changing the
power supply system to the first state in which the energy
conversion unit 10 and the load 200 are connected to feed
the electric power converted by the energy conversion unit
10 to the load 200, and to the second state in which the
energy conversion unit 10 and the load 200 are not con-
nected, but the power storage unit 20 and the load 200 are
connected to feed the electric power stored in the power
storage unit 20 to the load 200, wherein the control unit 80
performs the control to change the state to the first state
when the conditions are satisfied, and performs the control
to change the state to the second state when the conditions
are not satisfied.
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Modification 6

The arrangement of the three switches (SW1, SW2, SW3)
forming the changeover unit 30 is not limited to the one
described in FIG. 1. For example, these switches may be
arranged as illustrated in FIG. 22. In the example in FIG. 22,
one end of the second switch SW2 is connected to one
electrode of the capacitor serving as the power storage unit
20, while the other end of the second switch SW2 is
connected to a node ND5 interposed between the first
transformer 40 and the first switch SW1.

Modification 7

For example, a timer 105 may be provided, and the
control unit 80 may start the changeover process described
above when receiving an interruption from the timer 105, as
illustrated in FIG. 23. The timer 105 may be included in the
control unit 80, or may be provided separately from the
control unit 80. The configuration is not limited to the timer
105. Any structure may be employed, so long as the change-
over process described above is started by using some
interruption, such as the interruption from the load 200, as
a trigger.

Modification 8

In each embodiment described above, the value of the
electric power fed to the load 200 is measured by the first
measuring unit 60. However, the invention is not limited
thereto. For example, the ADC or the calculator 64 forming
the first measuring unit 60 may be included in the control
unit 80, and the control unit 80 may calculate the value of
the electric power. Similarly, the ADC or the calculator
forming the second measuring unit 70 may be included in
the control unit 80.

Modification 9

In the embodiments described above, the amount of the
electric power (amount of stored power) stored in the
capacitor serving as the power storage unit 20 is measured
by the third measuring unit 110, and the control unit 80
acquires the result. However, the invention is not limited
thereto. For example, the ADC or the calculator 113 forming
the third measuring unit 110 may be included in the control
unit 80, and the control unit 80 may calculate the amount of
stored power.

Modification 10

There is a proportional relation between the value of
current flowing through the shunt resistance 61, and the
voltage between the resistances. There is also a proportional
relation between the value of current flowing through the
Hall element 90 and the voltage output from the Hall
element 90. Therefore, if the same component is used for the
first measuring unit 60 and for the second measuring unit 70,
the terminal voltage of the shunt resistance or the output
voltage of the Hall element may be compared to select the
power supply source without calculating the electric power
(or current) by the calculator or the control unit.

Modification 11

There is a proportional relation between the amount of
electric power (amount of stored power) stored in the
capacitor serving as the power storage unit 20 and the
terminal voltage of the capacitor. Therefore, the terminal
voltage of the capacitor may be regarded as the amount of
stored power without the calculation of the amount of stored
power by the calculator 113 or the control unit 80.

Modification 12

In the first embodiment, the first transformer 40 and the
second transformer 50 may not be provided, so that the
electric power fed from the energy conversion unit 10 may
directly be input to the second measuring unit 70, and the
output voltage from the power storage unit 20 may directly
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be input to the changeover unit 30, as illustrated in FIG. 24.
As illustrated in FIG. 24, the third measuring unit 110 may
not be provided. In summary, the power supply system 100
in the first embodiment may be configured to include the
energy conversion unit 10 that converts energy other than
electricity into electric power, the power storage unit 20 that
stores the electric power converted by the energy conversion
unit 10, the changeover unit 30 that changes the state of the
power supply system to the first state or to the second state,
the first measuring unit 60 that measures the electric power
fed to the load 200, the second measuring unit 70 that
measures the electric power fed from the energy conversion
unit 10, and the control unit 80 that changes the state of the
power supply system to the first state, when the value
obtained by subtracting the first value from the value of the
electric power measured by the second measuring unit 70 is
not less than the value of the electric power measured by the
first measuring unit 60, and changes the state to the second
state, when the value obtained by subtracting the first value
from the value of the electric power measured by the second
measuring unit 70 is less than the value of the electric power
measured by the first measuring unit 60.

Similarly, in the second embodiment, the first transformer
40, the second transformer 50, and the third measuring unit
110 may not be provided, for example, as illustrated in FIG.
25. In summary, the power supply system 1000 according to
the second embodiment may be configured to include the
energy conversion unit 10 that converts energy other than
electricity into electric power, the power storage unit 20 that
stores the electric power converted by the energy conversion
unit 10, the changeover unit 30 that changes the state of the
power supply system to the first state or to the second state,
the first measuring unit 60 that measures the electric power
fed to the load 200, and the control unit 800 that changes the
state to the first state, when the value of the electric power
measured by the first measuring unit 60 is less than the
second threshold value, and changes the state to the second
state, when the value of the electric power measured by the
first measuring unit 60 is not less than the second threshold
value.

Still alternatively, the programs to be executed by the
control unit (80, 800) described above may be stored on a
computer system connected to a network such as the Inter-
net, and provided by being downloaded via the network.
Still alternatively, the programs to be executed by the control
unit (80, 800) described above may be provided or distrib-
uted through a network such as the Internet. Still alterna-
tively, the programs to be executed by the control unit (80,
800) described above may be stored in a computer-readable
storage medium such as a CD, a DVD, and a ROM in
advance and provided as a computer program product.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What is claimed is:

1. A power supply system comprising:

a power generation unit;

a power storage unit configured to store electric power

generated by the power generation unit;
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a changeover unit configured to make a changeover
between a first state in which the power generation unit
and a load are connected to feed the electric power
generated by the power generation unit to the load and
a second state in which no electric power is fed from
the power generation unit to the load and in which the
power storage unit and the load are connected to feed
the electric power stored in the power storage unit to
the load;
a first measuring unit configured to measure electric
power fed to the load;
a second measuring unit configured to measure electric
power fed from the power generation unit;
a third measuring unit configured to measure an amount
of stored power in the power storage unit;
a control unit configured to
perform control to make the changeover to the first
state when a value obtained by subtracting a first
value from a value of the electric power measured by
the second measuring unit is not less than a value of
the electric power measured by the first measuring
unit, the first value being a fixed value,

perform control to make the changeover to the second
state when the value obtained by subtracting the first
value from the value of the electric power measured
by the second measuring unit is less than the value of
the electric power measured by the first measuring
unit, and

perform control to make the changeover to the first
state when conditions in which the amount of stored
power measured by the third measuring unit is less
than a first threshold value and the value obtained by
subtracting the first value from the value of the
electric power measured by the second measuring
unit is not less than the value of the electric power
measured by the first measuring unit are satisfied,
and

perform control to make the changeover to the second
state when the conditions are not satisfied; and

a transformer configured to step up an output voltage of
the power storage unit to a predetermined voltage, the
transformer being arranged between the power storage
unit and the load.

2. A power supply system comprising:

a power generation unit;

a power storage unit configured to store electric power
generated by the power generation unit;

a changeover unit configured to make a changeover
between a first state in which the power generation unit
and a load are connected to feed the electric power
generated by the power generation unit to the load and
a second state in which no electric power is fed from
the power generation unit to the load and in which the
power storage unit and the load are connected to feed
the electric power stored in the power storage unit to
the load;

a first measuring unit configured to measure electric
power fed to the load;

a second measuring unit configured to measure electric
power fed from the power generation unit;

a third measuring unit configured to measure an amount
of stored power in the power storage unit; and

a control unit configured to
perform control to make the changeover to the first

state when a value obtained by subtracting a first
value from a value of the electric power measured by
the second measuring unit is not less than a value of
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the electric power measured by the first measuring
unit, the first value being a variably settable value,
perform control to make the changeover to the second
state when the value obtained by subtracting the first
value from the value of the electric power measured 5
by the second measuring unit is less than the value of
the electric power measured by the first measuring
unit,
perform control to make the changeover to the first
state when conditions in which the amount of stored 10
power measured by the third measuring unit is less
than a first threshold value and the value obtained by
subtracting the first value from the value of the
electric power measured by the second measuring
unit is not less than the value of the electric power 15
measured by the first measuring unit are satisfied,
and
perform control to make the changeover to the second
state when the conditions are not satisfied; and
a transformer configured to step up an output voltage of 20
the power storage unit to a predetermined voltage, the
transformer being arranged between the power storage
unit and the load.
3. The system according to claim 2, wherein the first value
is a value that varies according to a value of the electric 25
power fed from the power generation unit.
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